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Introduction
It is agreed by most prehistorians that the Mesolithic or Epipalaeolithic industries of Eurasia appeared in a
geological time range transitional between the Pleistocene and the Holocene periods.
It is often said that the Mesolithic industries in Europe appeared in a new environment with forest
grown again, the descendants of the Palaeolithic population trying to adapt themselves to the post-glacial
ecological change; in Europe, the decrease of big gregarious animals, resulting from their concentrated
hunting in the Upper Palaeolithic period, led the Mesolithic people to modify hunting methods for the pursuit
of forest game such as ox, red deer, elk, wild pig, and beaver [The Trustees of the British Museum 1968:
p. 70].
Some of the European Mesolithic artifacts were related to this ecological change, i.e. some types of
axes for lumbering, bone arrows used for accurate hunting of a certain target among the herd, and some of
the geometric microliths, categorized as trapezoid, used as arrow heads [Newcomer 1978/1979].
Especially to be mentioned about the Mesolithic industries is the intensive production of microliths.
Either ordinary micro-blade detachment or the micro-burin technique [Tixier 1963: pp. 39-42] was
employed to produce the microlithic tools.
The geometric microliths and retouched or unretouched micro-blades were inserted into grooved
handles, made of wood or antler, and were used as replaceable edges of composite tools or weapons.
As to the Mesolithic technological innovations briefly described above, there are two opposed
hypotheses. One of the hypotheses sees the technological innovations as having resulted from the efforts
of the descendants of the Palaeolithic people to get more food to satisfy the increased population. The
other hypothesis contrarily sees the innovations as having led the population to increase [Mellaart 1975: p.
22].
There is seen continuity between the Upper Palaeolithic industries of West Asia, such as the Zagros
Baradostian and the Late Levantine Aurignacian, and the Mesolithic industries of the area, roughly dated to
between 20,000 and 16,000 B.C., such as the Kebaran of the Levant, the Belbasi industry in the Antalya
region of Turkey, and the Zarzian of the Zagros Mountains; there existed some microliths in the
Baradostian, and tools in the Late Levantine Aurignacian tended to be smaller.
This continuity strongly suggests that the Mesolithic of West Asia were derived from the Upper
Palaeolithic in the area [Mellaart 1975: p. 19].
Mesolithic, "pre-Neolithic" and pre-pottery Neolithic sites in Iraq
The Mesolithic industries of Iraq are represented at the cave site of Zarzi.
The Zarzi cave is located in the valley of Cham Tabin in the Zarzi village, which lies 50 km north-west
of Sulaimani {Fig. 1).
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At Zarzi, the elongated triangle, the only geometric form ever found at this site, was confined to the
upper part of Level B, and the upper part of Level B at least bears Mesolithic features [Garrod 1930: pp.
13-23]. The lithic artifacts found all through Level B are generally small, and consisted of Gravette
points, backed blades, notched and/or denticulated blades, burins, end-scrapers, and various types of
scrapers. The blades and micro-blades are narrow. Various kinds of raw material such as jasper, flint,
and chert were used to make the lithic artifacts [Garrod 1930: pp. 13-23].
Only a few animal remains were unearthed from this site. They consisted of the bones of foxes,
gazelles, goats, and turtles [Bate 1930: p. 23].
The "pre-Neolithic" and pre-pottery Neolithic industries of Iraq, placed in the passage between the
Mesolithic and the pottery Neolithic periods, are represented at the open-air sites of Zawi Chemi Shanidar,
Karim Shahir, M'lefaat, Der Hall, Nemrik 9, and Qermez Dere.
Ail of these sites are located in the "Zagros flanks" in the northern part of Iraq (Fig. 1).
The site of Zawi Chemi Shanidar is located in the Shanidar valley, on the first prominent terrace of the
left bank of the Greater Zab river, a branch of the Tigris.
Layer B at this site, dated by a C-14 determination to 8,920 + 300 B.C., yielded a lithic assemblage
with Mesolithic features. A circular stone architecture, designated Structure I, was found associated with
Layer B. This structure had walls, which measured ca. 2 m in diameter and were composed of both large
and small rocks and fragmentary stone tools. The lithic artifacts from Layer B are made on various kinds
of flint, and consisted of backed blades, denticulated pieces, notched pieces, truncated pieces, borers, side
scrapers, pieces esquillees, and geometric microliths, mostly of the lunate category (Fig. 2-2—7). Neither
sheen-bearing pieces nor micro-burins are reported. The striking plarforms of the cores are single or
double, and triple in some cases. Judging from the published photograph of the cores (Solecki 1981: Plate
13], it is unlikely that the blades or micro-blades were pressure flaked at this site. The stone celts are
either wholly chipped or bit-polished, and are wholly polished in rare cases. Stone artifacts such as
mullers, querns, and pecking stones were also found [Solecki 1981).
Jarmo * Hazar Merd
1. Shanidar cave
2. Zawi Chemi Shanidar
3. Zarzi cave
4. Karim Shahir
5. M'lefaat
6. Der Hall
7. Nemrik 9
8. Qemiez Dere
Fig. 1 Mesolithic, "Pre-Neolithic" and Pre-pottery Neolithic Sites in Iraq
EXPERIMENTAL DETERMINATION OF MANNERS OF MICRO-BLADE DETACHMENT 155
Animal remains from Zawi Chemi Shanidar included the bones of sheep and/or goats, most likely wild,
and of birds [Solecki 1981).
The site of Karim Shahir is located east of Chemchemal in the province of Kirkuk.
A large number of lithic artifacts were unearthed from a single occupation floor. This occupation floor,
dated to between 8,900 and 8,600 B.C., was 500-600 m2 in area, and was composed of stone pavement
and pits. The lithic artifacts from this floor are made on several kinds of flint, and consisted of backed
micro-blades, drills, end-scrapers, side scrapers, obliquely truncated pieces, and a large number of notched
pieces. Because of the absence of geometric microliths as a true category, the micro-burins from this site
are described as the by-products of manufacture of the obliquely truncated pieces, unrelated to the
micro-burin technique to produce geometric microliths. There are examples of sheen-bearing pieces,
though very rare. Most of the blade or micro-blade cores are conically shaped. The published illustra
tions of the cores [Howe 1983: Figs. 20-2, 20-4, 21-3, 21-4) strongly suggested the use of pressure
technique at this site to detach the micro-blades (Fig. 2-12, 13, 15, 16). Nearly half of the stone celts are
wholly polished, and some are chipped with polished bits. Stone artifacts like quems, mortars, and mullers
are also reported [Howe 1983].
Almost half (47%) of the animal bones from Karim Shahir are of sheep and goats. Bones of wiid
boars, deer, gazelles, wild cattle, foxes, hares, turtles, and birds are also reported. It is said that the
sheep and goats were not being domesticated at this site, but that they were being hunted (Howe 1983].
The site of M'lefaat is located north-east of the Tigris-Greater Zab junction, on the west bank of the
Khazir river. To the west of M'lefaat and the Khazir river is the plain of Mosul.
Three floors made of stones, dated to between 8,900 and 8,600 B.C. ;Howe 1983: pp. 130-131),
were unearned from this site. The lithic artifacts are made on several kinds of flint, and include notched
pieces, micro-blades with edges nibbled by use, various types of scrapers, and perforators. Neither
geometric microliths nor micro-burins are reported. Some of the micro-blade cores are conically shaped.
On the basis of very parallel ridges and edges and very uniform width of the micro-blades, M. Dittemore,
who described the lithic assemblage from this site, concluded that pressure technique had been employed at
this site to detach the micro-blades [1983: pp. 673-674) (Fig. 2-11). The stone celts are either wholly
polished or bit-polished [Dittemore 1983: p. 681].
Nearly half of the animal remains from M'lefaat were the bones of sheep and gazelles. Bones of
wolves, foxes, wild cats, wild pigs, wild cattle, lesser mole rats, hares, and birds such as ducks and geese
are also reported. It is strongly suggested that the sheep was being hunted at this site [Turnbull 1983].
The site of Der Hall was located some 40 km north-northwest of the city of Mosul, on the edge of the
projected left bank of the meandering area of the river Tigris.
Level 6 of this site yielded a lithic industry without pottery. Neither structural remains nor living
floors were confirmed associated with Level 6. The lithic artifacts unearthed during excavations are made
on various kinds of chert- or agate-like flint, generally fine-grained and ranging in colour from white to
dark-brown. They consist of denticulated pieces, notched pieces, geometric microliths of the lunate
category, few blades, and many flakes and micro-blades. There are no examples of sheen-bearing pieces.
There are a considerable number of micro-burins, which strongly suggest the manufacture of the lunate
microliths using the micro-burin technique. Cores are classified into several morphological types, and most
of them were for micro-blades. It is supposed on the basis of outward appearance of the cores (Fig. 2-10)
that pressure technique was not being employed at this site to detach the micro-blades. The only stone
celt unearthed is bit-po!ished. Stone artifacts such as querns and mortars were not found [Ohnuma and
Matsumoto 1988].
The animal remains from Der Hall consisted of the bones of sheep, goats, turtles, deer, and cattle. It
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Fig. 2 Geometric Microliths, Micro-burins, and Micro-blade Cores from "Pre-Neolithic" and Pre-pottery
Neolithic Sites in Iraq (Scale: 1/1)
1-7: Lunates; 8-9: Micro-burins; 10-17: Micro-blade cores (1, 8, 9. 10: DerHall; 2-7: Zawi Chemi Shanidar; 11:
M'lefaat; 12, 13, 15, 16: Karim Shahir; 14: Qermez Dere; 17: Nemrik 9)
is not concluded if or not the sheep and goats were domesticated [Abe 1988].
The site of Nemrik 9 is located in the southern part of the Dohuk governorate, some 48 km
north-northwest of Mosul. About 1.5 km south of Nemrik 9 is the river of Tigris [Kozlowski (ed.) 1990].
At Nemrik 9, at least three settlement phases belonging to the pre-pottery Neolithic period were
confirmed. C-14 determinations dated these three settlement phases to between the 9th millennium B.C.
and the first half of the 7th millennium B.C.: the oldest phase to the 9th millennium B.C., the middle to the
8th millennium B.C., and the youngest to the end of the 8th millennium through the first half of the 7th
millennium B.C. [Kozlowski and Kempisty 1990: pp. 349-350]. Several structures were unearthed
associated with these phases. The structures show an evolutionary scheme of architecture, roughly
corresponding to the three settlement phases: the simplest hut-like structures and faw/-walled circular
houses —► circular houses with walls of sun-dried mud-bricks and wooden roofs —- subrectangular houses
with walls of sun-dried mud-bricks and marl pillars [Kozlowski and Kempisty 1990: pp. 352-359]. The
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lithic artifacts are made on white- to black-coloured local flint, acquired from flint deposits in the immediate
vicinity, and are essentially the same all through the settlement phases, i.e. retouched blades, end-
scrapers, various kinds of scrapers, perforators, tanged points, microlithic tools such as backed micro-
bides, and so on. Neither geometric microliths nor micro-burins are reported (Kozlowski and Szymczak
1990]. There are a considerable number of very regular conical cores (Fig. 2-17), and S. Kozlowski and
K. Szymczak conclude that pressure technique was being employed at Nemrik 9 to detach the blades
[1990: p. 97). They also conclude that in the oldest settlement phase the blades were struck off with the
aid of a punch, while from the middle phase onwards they were detached by pressure technique [Kozlowski
and Kempisty 1990: p. 350]. The stone celts are wholly ground/polished. Stone artifacts such as
querns, mortars, pounders, and grinders were also found [Mazurowski 1990a]. There are four fragments
of stone vessels made of marble, sandstone and limestone. These fragments are said to have been parts
of stone bowls [Mazurowski 1990b].
The animal remains from Nemrik 9 include the bones of cattle, pigs, sheep, goats, Indian buffaloes, red
deer, horses, and antelopes. It is worthy of note that the domestication of cattle, pigs, sheep, and goats is
confirmed [Lasota-Moskalewska 1990].
The site of Qermez Dere is located in the north-west outskirts of the town of Tel Afar, some 60 km
west of Mosul.
Three houses with enclosure were unearthed at this site. Each of these houses was composed of a
single chamber, constructed below ground level and with floor shaped like egg in outline. The floors
ranged in area from 18 to 24 m2. Seven settlement phases, grouped into three stages, were confirmed in
these houses, i.e. the oldest stage composed of Phases 7 and 6 and placed in the transition between the
Mesolithic and the Neolithic periods, the middle stage composed of Phases 5 and 4 with no residual
Mesolithic features and belonging to the early pre-pottery Neolithic period, and the youngest stage
composed of Phases 3 and 2. Except for some geometric microliths and micro-burins from the oldest
stage as well as the tanged "Nemrik point" from Phase 4 onwards, with bilateral inverse retouch on the
proximal and distal ends of blades, the lithic artifacts from Qermez Dere are essentially the same all through
the phases, mainly consisting of notched pieces, denticulated pieces, and the "Khiam points", which are
made on micro-blades and are characterized by a notch near proximal end and bilateral inverse retouch to
shape the distal end. Backed blades, scrapers, and burins are small in number. There is a single example
of sheen-bearing blade. The cores generally have a single striking platforms. Judging from the published
illustration of the cores [Watkins et al. 1991: Fig. 8-4] (Fig. 2-14), it is highly likely that pressure
technique was being employed at this site to detach the blades and micro-blades. The raw material
commonly used for the above lithic artifacts is a medium- to fine-grained chert, varying in colour from light
grey/brown to dark greyish/black. It is noteworthy that the brown flint was used almost exclusively in the
youngest stage, and was rarely used in the earlier stages. Stone artifacts such as querns and grinders are
very small in quantity [Watkins et al. 1991).
The most frequent of the animal remains from Qermez Dere are the bones of gazelles. Bones of
sheep, goats, hares, and birds are also reported. It is concluded that the sheep and goats were not
domesticated at this site [Watkins et al. 1991].
The "pre-Neolithic" and pre-pottery Neolithic sites in Iraq mentioned above are usually placed in a
broad framework established as the passage from the Mesolithic to the pottery Neolithic of the region,
dated to between 9,000 and 7,000 B.C.
Until today, we have neither firm evidences for domesticated sheep and goats nor traces of cultivated
cereals such as the emmer wheat [Cole 1970: p. 8] at these sites.
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However, there are seen at these sites biased frequencies of bones of particular animals, especially of
sheep and goats, which were subsequently demesticated. Also constantly seen there is the occurrence of
stone artifacts such as querns, mortars and grinders, which are supposed to have been related to cereal
processing.
It is confirmed now that at the site of Jarmo, dated to 7,300 through 5,800 B.C. [Braidwood 1983],
sheep and goats were domesticated (Stampfli 1983], and that einkorn and emmer wheats were grown in
their wild forms (Watson 1983].
This confirmation, together with the frequent occurrence of sheep and goat bones and of stone
artifacts, most probably used to treat particular cereals, at the "pre-Neolithic" and pre-pottery Neolithic
sites in Iraq, naturally places these sites in the dawn of the new society, which was supported by consitent
and secure means of foodstuff supply, i.e. planned domestication of sheep and goats and cultivation of
wheats and barleys.
It is important to note that the lithic artifacts from the "pre-Neolithic" and pre-pottery Neolithic sites in
Iraq seem to have been varied in their inventories and manufacturing techniques from site to site.
As to micro-blades, for example, it seems that different manners of their detachment were being
employed, i.e. direct or indirect percussion and pressure.
Such differences are supposed to have been related to either spatial or temporal differences between
the sites.
The temporal differences, if proven, may clarify detailed inter-site relations in the broad chronological
framework defined as the transition between the Mesolithic and the Neolithic periods of the region.
T. Fujimoto stated that the appearance of permanent settled habitation, based on agriculture or animal
domestication, led to a sudden decrease of geometric microliths and micro-blades (1990: pp. 1-2].
Fujimoto's statement is suggestive that the "pre-Neolithic" and pre-pottery Neolithic sites in Iraq at
Karim Shahir, M'lefaat, and Nemrik 9, which lacked in geometric microliths, were more developed in
settled habitation and/or later in period than the rest.
Pressure flaking, a manner of flake removal by means of pressure, is a unique tecnological concept,
totally different from direct or indirect percussion, manners of flake removal by means of instantaneous
striking.
It rather seems unlikely, as M.-L. Inizan, M. Lechevallier, and P. Plumet emphasize, that this unique
flaking technique was independently invented at various times and places [Inizan et al. 1990].
It is thus important to identify pressure technique among the "pre-Neolithic" and pre-pottery Neolithic
sites in Iraq, for the identification may mark a temporal boundary between them, under either of the
suppositions that this technique was originally invented in the Sibero-Mongol center and was later diffused in
eastward and westward directions [Inizan et al. 1990], or that it was also invented at a given place in West
Asia without any connection with the Sibero-Mongolian invention.
Ethnographical records and experimental studies of flaking techniques
It is believed that the Stone Age people used different techniques in detaching flakes from cores, i.e. direct
percussion, indirect percussion, the "anvil technique", and pressure technique.
Direct percussion is a manner of flaking using hammers of hard stone or softer material such as soft
stone, antler and wood, struck against raw material to be flaked.
Indirect percussion uses a medium rod called "punch" between the material to be flaked and the
hammer.
In the "anvil technique", the material to be flaked is struck against an angular part of an anvil stone,
firmly fixed on the ground.
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And, pressure technique detaches flakes by means of pressure.
We have archaeological evidences of hammers of deer antler [Bordes 1974], stone hammers, and
stone anvils [Alimen 1963].
In North America, direct percussion by stone hammers and pressure technique using antler tines was
observed to be practiced by Ishi of the Yahi tribe [Kroeber 1976: pp. 188-189].
In Australia, too, direct percussion by stone hammers and pressure technique by wooden rods was
observed among the aborigines [Elkin 1948].
Because pressure technique is favourable for delicate and regular flaking, this manner of flaking is
considered to have been employed in the Stone Age, especially in micro-lade detachment and in the
manufacture of small tools like arrow heads.
F, H, S. Knowles, citing ethonographical records left by European observers, described various kinds of
flaking tools used in stone tool manufacture among the Aleuts, Eskimos and American Indian tribes of North
America [1953].
The flaking tools described by Knowles include stone hammers for direct percussion, deer antlers,
whale teeth, hard bones and stones used as punches for indirect percussion, and reindeer antlers, teeth or
tusks of walrus, wooden rods and elongated stones used in pressure flaking (1953: pp. 82-89].
D.E. Crabtree's articles and publication based on his replication of lithic artifacts, i.e. Notes on
Experiments in Flintknapping: 4: Tools Used for Making Flaked Stone Artifacts [1967], Mesoamerican
Polyhedral Cores and Prismatic Blades (1968], and An Introduction to Flintworking [1972], are the works
indispensable in understanding lithic technologies, especially those of pressure flaking, as is a collection of
articles by J. Tixier, J. Pelegrin and others on technologies concerning blade or micro-blade manufacture,
Prehistoire de lapierre taillee: 2: economie du debitage laminaire (C.R.E.P. 1984].
These works described the details of the ways and methods or processes of their experimental flaking
by direct percussion, indirect percussion, and pressure technique, and presented concrete features of the
cores and debitage pieces derived from the experimentation with many photographs and illustrations.
Crabtree's 1968 work, especially, is an excellent article, in which his replication, by the pressure
technique using a chest crutch, of very regular Meso-American blades was reported.
These works, however, did not present any systematic method how we determine which flaking
manner produced archaeological specimens.
Tixier, for example, characterized pressure flaked debitage and cores by the following features:
debitage having consistent thinness and flatness, parallel and straight dorsal ridges and edges, smooth
ventral surfaces, very narrow butts, and short pronounced bulbs, and cores having uniform flake scars and
pronounced negative bulbs left by uniform and flat debitage removed [1984: p.66).
At the same time, however, he stated that there were no criteria to identify pressure flaked debitage,
except for obtuse angle between their butt and dorsal surface, which he concluded to be produced by
pressure flaking alone (1984: p. 66].
One of the systematic trials to identify different flaking manners in archaeological specimens is the
article by J.B. Sollberger and L.W. Patterson, Prismatic Blade Replication [1976],
After replicating flint blades and micro-blades by direct percussion (using quartzite hammerstones and a
soft hammer of deer antler), indirect percussion (using a punch made from moose antler), and pressure
flaking (using an antler pressure tool), they demonstated, through the analysis of the blades and
micro-blades replicated, that a significant difference between the three flaking manners could be seen only in
the width of the replicated specimens.
On the basis of this difference, they concluded that the Paleoindian blade technologies of Texas had
used direct percussion exclusively, and that indirect percussion and pressure technique had been introduced
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in later times [Sollberger and Patterson 1976: p. 530].
Replication of micro-blades using three manners of flaking
Efficient exploitation of raw material and multi-manufacture of sharp edges linked to micro-blade production,
especially in the case of pressure technique, was experimentally demonstrated by P.D. Sheets and G.R.
Muto [1972: pp. 632-634]; 83 blades which were pressure flaked by them from a single obsidian core
(originally 820g) weighed 746g altogether, the total length of sharp edges of the removed blades was 17.32
m, and the exhausted core weighed 50g, only 6% of its original weight.
Pressure technique may be characterized by the following two features; firstly, it can produce thin
flakes, or it can not produce thick flakes, and secondly, it can produce uniform flakes continuously.
From these features, we may easily reach a supposition that pressure technique was favourable for
efficient and continuous production of uniform micro-blades, said to have been intended for stone tools
weighing light.
Micro-blade production, however, is not to be equated with pressure technique [Inizan et al. 1990].
And, in order to clarify relationship between micro-blade production and pressure technique, especially
to clarify a certain role played by the former in the appearance of the latter or the reverse, we must wait for
results of various fields of study, such as dating of archaeological sites concerned, intra-site and the
environmental studies, and, above all, analyses of manners of micro-blade detachment through examining
archaeological and replicated specimens.
As mentioned previously, it is important to identify manners of micro-blade detachment at such
archaeological sites as yielded similar tool types and are given similar chronological positions; when different
manners are identified among these sites, temporal differences veiled between them may be clarified.
In this view, a research theme occured to the present author as to how we determine manners of
micro-blade detachment, and he replicated micro-blades using the three flaking manners (direct percussion,
indirect percussion, and pressure), trying to establish, on the basis of analysis of the replicated samples, a
method to determine which manner had been employed in micro-blade production in the past [Ohnuma and
Kubota 1992].
The raw material used in the replications was black obsidian from Shirataki, Hokkaido, Japan, and the
flaking tools were made of various parts of deer antler, except for a stone hammer used in the rough-out
stages of core reduction.
In the replication by direct percussion, a hammer made of "Ezo" deer antler, 13 cm long and weighing
60g, was used (Fig. 3). The "tangentile percussion" was employed, in which the core edge directly above
a ridge on the flaking surface was obliquely and lightly struck with the hammer (Fig. 3). The angle
between the platform and the flaking surface of the core was established less than 90°, being idealized at
some 80°.
An antler tine of "Ezo" deer, 8 cm long and weighing 20g, was used as a "punch" (Fig. 4) for indirect
percussion. The core was held in the left palm, and the thumb and index fingers, extending from the core
bottom up to its platform, fixed the pointed end of the punch acutely at the base of a ridge on the core
surface. And, the antler hammer, also used for direct percussion, was lightly struck on to the flat end of
the punch by the right hand (Fig. 4). The flaking angle was established the same as in the direct
percussion. This indirect percussion was invented in Japan by M. Kubota. The similar technique is
reported regarding the blade manufacture by the Lacandon tribe of the Meso-American Maya Indian (Clark
1980].
In pressure flaking, a half portion of a South-East Asian deer antler, some 40 cm long and weighing 330g,
was used as the pressure tool (Fig. 5). The core was stabilized on a flat rock, one of the core sides being
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A
Fig. 3 Micro-blade Detachment by Direct Percussion
Fig. 4 Micro-blade Detachment by Indirect Percussion
leant and fixed against a natural crack wall of the rock by the left hand, which covered and firmly fixed the
core platform with the flat surface above the crack. The pointed end of the pressure tool was then fixed on
the edge of the core platform, directly above a ridge, and micro-blades were detached with pressure
created on to the other end of the pressure tool by the chest/shoulder part of the body1' (Fig. 5). The
flaking angle was the same as in the two flaking manners described above. When necessary, core
platforms were strongly rubbed with cortex of fragmentary siliceous shale in order to prevent the pressure
tool from slipping. In this regard, it is a better operation to rub wide area of core platform in advance (Fig.
9-13) than to rub only the area adjacent to core edges immediately prior to every detachment of
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micro-blades; the latter operation is liable to damage core edges, and the damaged edges become
troublesome for subsequent removal of micro-blades.
Smaller cores to be pressure flaked can be stabilized more simply and easily on the palm (Fig. 6). In
this case, a graspable vice2> is necessary, for the palm is unavoidably flexible, and this flexibility causes the
core to move when it is pressed, leading to unsuccessful removal of a desired flake. A small branch of
■ \
Fig. 5 Micro-blade Detachment by Chest/Shoulder Pressure
r
^
Fig. 6 Micro-blade Detachment by Pressure on Palm
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tree (Fig. 7) is good enough for such a vice and easy to obtain. So,
it is highly possible that this kind of natural vice was used in pressure
flaking in the past, too. Two pressure tools were used in detaching
micro-blades on the palm: the longer one (Fig. 5), also used for larger
cores, pressed by the chest/shoulder, and a shorter one made of
antler tine (Fig. 6), 13 cm long and weighing 60g, grasped and
pressed by the right hand.
Analysis of replicated micro-blades
After micro-blades were replicated by the three flaking manners Fig. 7 Small Branch of Tree
described above (Fig. 8-1-4, 9-12, 13-14; Fig. 9-1-8, 13-14), Used as Natural Vice for Pres-
three hundred replicas, one hundred from each manner, were chosen sure a g on
to be analyzed in their non-metrical and metrical attributes.
Only the replicas fulfilling Tixier's micro-blade definition (1963: pp. 36-39] were chosen for the
analysis, i.e. blades whose width is less than 1.2 cm regardless of their length.
The butts of the chosen replicas were plain in most cases, with those modified by minute facets almost
non-existent. The butts, therefore, were analyzed in their shapes, not in the types of butt modification.
It was felt that the outline shapes of the butts of the micro-blades were determined by the presence or
absence of prominent impact points on the ventral surfaces, left at the moment when hammers or pressure
tools detached the micro-blades: one which is triangular- or diamond-shaped with a projection indicating the
point of impact, and another which is smooth-shaped without any clear impact point (Fig. 10).
Non-metrical attributes for the analysis other than the butt shapes were the presence or absence of a
clear point of impact on the ventral surface of the micro-blades, and the presence/absence of the lip
between their butt and ventral surface.
Metrical attributes comprised the flaking angle between the butt and dorsal surface, the maximum butt
thickness at the point/area of impact, and the maximum length, width and thickness of the micro-blades
themselves. The maximum thickness of the micro-blades excluded plunged parts.
The ratios calculated from the dimentions of the micro-blades were the maximum length/the maximum
width (L/W), the maximum thickness/the maximum butt thickness (T/BT), and the maximum width/the
maximum butt thickness (W/BT).
The analysis results in the above attributes did not produce any marked difference between the three
groups of micro-blades in terms of the presence or absence of a clear impact point and of the lip and the
averages of the flaking angle and of the maximum length.
With regard to the maximum butt thickness, however, it was seen that the average of the group
replicated by direct percussion was smaller than those of the groups replicated by indirect percussion and
pressure.
The average of the maximum width of the group replicated by pressure was smaller than those of the
groups by direct and indirect percussion.
And, the group replicated by pressure was smallest in the average of the maximum thickness, while
the group by indirect percussion was largest, with the group replicated by direct percussion between them.
It seemed, however, that the above three differences could not be used individually as a means to
identify the different flaking manners, only reflecting personal variations within each manner of flaking; the
thickness of the butt might be determined by the exact point of impact on the core edge, to which hammers
were intentionally aimed or pressure tools were firmly fixed, and both of the maximum width and the
maximum thickness might be strongly linked to butt thickness.
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Fig. 9 Micro-blades and Cores Replicated by Pressure (Scale: 1/1)
U~8, 13-14; Obsidian; 9~12, 15: Siliceous shale)
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The analysis results which produced marked dif
ferences between the three groups and which seemed 1 2 3 4 s 6
to be valid criteria in identifying the three flaking Fig. 10 Shapes of Butts
manners are listed below (Table 1). l~3: 7™^- <* diamond-shaped butts with
a projection ( • ) indicating impact point; 4~6:
1) The shapes of the butts were divided into two Smooth-shaped butts without clear impact point
types according to whether or not the hammers or
pressure tools had left prominent impact point on the ventral surfaces of the micro-blades when they had
been detached: one with this prominence and triangular- or diamond-shaped, and another without such
prominence and smooth-shaped. The butt shapes, which were supposed to reflect breakage mechanism
and transcend technological proficiency, separated the group replicated by direct percussion from those
replicated by indirect percussion and pressure.
2) The L/W ratios of the micro-blades were valid in separating the two groups replicated by direct
and indirect percussion from that replicated by pressure.
3) The T/BT ratios were valid in separating the group replicated by direct percussion from that
replicated by pressure.
4) The W/BT ratios were valid in separating the group replicated by direct percussion from that
replicated by pressure.
It was supposed that the shapes of the butts, which separated the group replicated by direct percussion
from those replicated by indirect percussion and pressure, and the L/W ratios, which separated the groups
replicated by direct and indirect percussion from that replicated by pressure, were good criteria, when
combined together, to identify the three flaking manners.
It was also supposed that the two ratios of T/BT and W/BT could be used as supplementary criteria in
the identification.
In order to prove these suppositions, replication of micro-blades by another person employing the same
Table 1 Four Criteria Considered to be Valid for Separation of Three Groups of Obsi
dian Micro-blades Replicated by Different Flaking Manners
1) Shapes of butts
Direct percussion
Indirect percussion
Pressure
2) L/W ratios
Direct percussion
Indirect percussion
Triangu 1 ar- / diamond-shaped
32.1%
Smooth-shaped
Standard deviation
1.1
3) T/BT ratios
Direct percussion
Standard deviation
Indirect Percussion
4) W/BT ratios
Direct percussion
Standard deviation
Indirect percussion
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flaking manners as those used by the present author was indispensable.
So, the present author asked Mr. Kubota to replicate three groups of micro-blades to examine which
group was produced by which manner of flaking.
The flaking tools used in Kubota's replications were similar to those of the present author, and the raw
material was the black obsidian from Shirataki, Hokkaido.
Examination of micro-blades replicated by Kubota
Kubota provided the present author with three groups (A, B and C) of micro-blades replicated by the three
flaking manners.
Only the replicas, 50 specimens from each group, which fuifilled the micro-blade definition by Tixier
[1963: pp. 36-39] were chosen for the examination.
The attributes for the examination were confined to those which were thought to be productive in
comparing analysis results, i.e. the shapes of the butts, the maximum butt thickness, the maximum length,
width and thickness of the micro-blades themselves, and Ratios L/W, T/BT and W/BT.
Table 2 Results of Examination of Obsidian Micro-blades Replicated by Kubota
1) Shapes of butts Triangular-/diamond-shaped
D.p. 32.1% (Ohnuma): 22.9% (Kubota'A)
31 T/BT ratios
D.p.
Ohnuma Average: S.d.
2.2: 0.7
Smooth-shaped
67.9% (Ohnuma): 77.1% (Kubota-A)
Id. p.
Prss.
2) L/W ratios
D.p.
Id. p.
Prss.
79.8% (Ohnuma): 74.4% (Kubota'B)
56.1% (Ohnuma): 59.5% (Kubota-C)
Ohnuma Average: S.d.
3.5; 1.1
3.3: 1.0
5.1: 1.6
20.2% (Ohnuma); 25.6% (Kubota-B)
43.9% (Ohnuma): 40.5% (Kubota-C]
Kubota Average: S.d.
(A) 4.1: 1.0
(B) 3.9: 0.9
(C) 4.2:0.9
Kubota Average: S.d.
(A) 2.7: 1.4
4) W/BT ratios
D.p.
Ohnuma Average: S.d. Kubota Average: S.d.
(A) 10.9: 4.9
D.p.: Direct percussion; Id.p.: Indirect percussion; Prss.: Pressure; S.d.: Standard deviation
The results of the examination were compared with the four criteria which had been supposed to be
valid in identifying the different flaking manners, i.e. the shapes of the butts, Ratio L/W, Ratio T/BT, and
Ratio W/BT (Table 2).
Of the three groups examined, Group A was correctly identified, in terms of the butt shapes, to have
been detached by direct percussion, and Groups B and C were also correctly identified to have been
detached by indirect percussion (B) and pressure (C) through overall consideration of the four criteria
[Ohnuma and Kubota 1992].
The listed below are the attributes which were supposed during the examination and after it to be valid
or invalid in identifying the different flaking manners.
1) the shapes of butts as valid attributes which transcend personal variation or proficiency within each
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manner of flaking.
2) the maximum length of micro-blades as an invalid attribute which is determined by the length of the
flaking surface of cores.
3) the maximum width of micro-blades as an invalid attribute which is determined by the location of
impact point relative to ridges on the flaking surface of cores, and which is determined by the plane angle of
the core edge to be flaked off in such a way that narrower and wider micro-blades are to be detached from
acute and obtuse platforms respectively.
4) The maximum thickness of micro-blades as a rather valid attribute which is proportioned to the
thickness of butts, with the ways how it is proportioned different according to the three flaking manners.
It was concluded, on the basis of the above four standpoints, that the butt shapes and Ratio T/BT
were reliable criteria in identifying the different flaking manners, while Ratios L/W and W/BT were not.
Analysis of micro-blades from Shirataki-Hattoridai
After the different flaking manners were correctly identified in the three groups of micro-blades replicated
by Kubota, archaeological micro-blades from a Japanese site at Shirataki-Hattoridai were analyzed.
The Shirataki-Hattoridai site is located at Oku-Shirataki in the village of Shirataki, Mombetsu-county,
Hokkaido.
This site was excavated in July 1961 by Meiji University, and the Layer 2 yielded a large number of
lithic artifacts belonging to a single industry [Sugihara and Tozawa 1975].
The lithic artifacts, predominantly made on obsidian, consisted of micro-blades, micro-blade cores,
ski-shaped spalls, bifacially-modified core blanks, bifacial points, tanged points, end-scrapers, side scrapers,
burins, burin spalls, keeled scrapers, blades, flakes, chips, and cores [Sugihara and Tozawa 1975] (Fig.
ID-
The analysis of the Shirataki-Hattoridai material was carried out on March 9th, 1992, at the
Archaeological Museum of Meiji University, Tokyo.
Specimens chosen for the analysis were 50 micro-blades, made on black obsidian, which had been
magazined in the museum.
The attributes for the analysis were the same as those used in the examination of the micro-blades
replicated by Kubota.
All of the analyzed micro-blades fulfilled Tixier's micro-blade definition [1963: pp. 36-39], and were
the ones considered to have been "end-product" micro-blades, removed in the flaking technique most
important for Shirataki-Hattoridai people.
Consideration of the analysis results, in comparison with those from the thus-far undertaken experi
mentation and examination, led the present author to conclude that the micro-blades from the Shirataki-
Hattoridai site are best described to have been detached by pressure [Ohnuma and Kubota 1992] (Table 3)
(Figs. 12, 13 and 14).
This conclusion concerns the micro-blades from Shirataki-Hattoridai, and of course can not be simply
applied to micro-blades from other sites yet to be analyzed.
In Japan, M. Yoshizaki described the whole process of the "Yubetsu method", and stated that the
micro-blades had been detached in this method by pressure technique with tools made of deer antler [1961:
pp. 15-19].
M. Aso also alleged the general use of pressure technique for micro-blade detachment in the final stage
of the Japanese Upper Palaeolithic period (1965: p. 168].
T. Matsuzawa, however, reservedly stated that micro-blades could have been detached either by
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Fig. 11 Micro-blades and Micro-blade Cores from Shirataki-Hattoridai (Scale: 1/1)
(direct or indirect) percussion or by pressure [1988: p. 14].
It is believed that whether or not Stone Age people employed a pressure technique in micro-blade
detachment was tightly linked to environmental factors such as the presence or absence of rocks favourable
for pressure technique and of material turnable into pressure tools.
It thus seems unreasonable to establish a straight and simple scheme which equates micro-blade
detachment with pressure technique.
Analysis of micro-blades from Karim Shahir and M'lefaat
In May 17th to 19th of 1993, the present author visited the Oriental Institute, the University of Chicago,
and analyzed the micro-blades from the archaeological sites of Karim Shahir and M'lefaat in the northern
part of Iraq (see Fig. 1 of this paper for the location of these sites).
The site of Karim Shahir was excavated in March to May of 1951 by the Oriental Institute of the
University of Chicago, under the direction of R.J. Braidwood (Braidwood et al. (eds.) 1983]. A large
number of flint lithic artifacts were unearthed at this site from a single occupation floor dated to between
8,900 and 8,600 B.C. (Howe 1933]. The lithic artifacts unearthed mainly consisted of unretouched
micro-blades and tools such as notched pieces, backed pieces, end-scrapers, and side scrapers. As
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Table 3 Results of Analysis of Micro-blades from the Shirataki-Hattoridai Site
1) Shapes of butts Triangular-/diamond-shaped
D.p. 32.1% (Ohnuma); 22.9% (Kubota-A)
Smooth-shaped
67.9% (Ohnuma): 77.1% (Kubota-A)
Id. p.
Prss.
2) L/W ratios
D.p.
Id. p.
Prss.
3) T/BT ratios
D.p.
79.8% (Ohnuma): 74.4% (Kubota-B)
56.1% (Ohnuma): 59.5% (Kubota-C)
$65.1%
Ohnuma Average: S.d.
3.5: 1.1
3.3: 1.0
5.1: 1.6
»5.3: 1.6
Ohnuma Average: S.d.
2.2: 0.7
20.2% (Ohnuma): 25.6% (Kubota-B)
43.9% (Ohnuma): 40.5% (Kubota-C)
8; 34.9%
Kubota Average: S.d.
(A) 4.1: 1.0
(B) 3.9: 0.9
(C) 4.2: 0.9
Kubota Average: S.d.
(A) 2.7: 1.4
Id. p.
4) W/BT ratios
D.p.
Prss.
Id. p.
1.7: 0.6
Ohnuma Average: S.d.
10. h 4.1
5.4: 1.9
SS5.6: 2.0
6.8: 2.5
(B) 1.9: 1.0
Kubota Average: S.d
(A) 10.9: 4.9
(C) 6.4: 1.7
(B) 7.1: 2.8
D.p.: Direct percussion; Id.p.: Indirect percussion; Prss.: Pressure; S.d.: Standard deviation; 33: Micro-blades
from the Shirataki-Hattoridai site
Ohnuma*Indirect
percussion \
Ohnuma-Direct
percussion
Fig. 12 Cumulative Graph Showing L/W Ratios of Micro-blades Replicated and from Shirataki-Hattoridai
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Ohnuma*Indirect percussion
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
Ratio
Fig. 13 Cumulative Graph Showing T/BT Ratios of Micro-blades Replicated and from
Shirataki-Hattoridai
Shirataki-Hattoridai
Ohnuma-
Pressure — Kubota-BOhnuma-Indirect percussion
- Ohnuma-Direct percussion
Fig. 14 Cumulative Graph Showing W/BT Ratios of Micro-
blades Replicated and from Shirataki-Hattoridai
mentioned previously, the published illustrations of the cores [Howe 1983: Figs. 20-2, 20-4, 21-3 and 21-
4] convinced the present author that the micro-blades had been detached by pressure technique at this site.
The site of M'lefaat, also dated to between 8,900 and 8,600 B.C. [Howe 1983], was excavated in the
fall of 1954 by the Oriental Institute of the University of Chicago under the direction of RJ. Braidwood
[Braidwood et al. (eds.) 1983]. The flint lithic artifacts from this site included notched pieces, nibbled or
use-retouched micro-blades, scrapers, and perforators. On the basis of parallel ridges/edges and uniform
width of the micro-blades, Dittemore concluded that pressure technique had been used for micro-blade
detachment at this site [1983].
The attributes for the pertinent analysis were confined to those which seemed to be productive in
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identifying the different flaking manners, i.e. the shapes of butts, the presence/absence of a clear impact
point on the micro-blades, the maximum butt thickness, the maximum length, width and thickness of the
micro-blades, and Ratios L/W, T/BT and W/BT.
One hundred complete and unretouched micro-blades were chosen for the analysis from among the
Karim Shahir material, while 14 complete or broken micro-blades were chosen from the M'lefaat material.
Nearly all of the specimens chosen from the Karim Shahir material had been unearthed from Operation
I, with the rest from Operations III, V, VI and VIII [Braidwood et al. 1983: pp. 4-5].
The micro-blades and cores from these two sites were so regularly-made that the present author was
convinced at first sight that they had been detached by pressure technique; they typically bore such
characteristic features as Tixier had proposed for pressure flaked debitage and cores [1984: p. 66], i.e.
micro-blades with regular thinness/flatness, parallel/straight dorsal ridges/edges, smooth ventral surfaces,
narrow butts and short pronounced bulbs, and cores with regular flake scars and pronounced negative bulbs
left by uniform and thin/flat micro-blades removed.
There was seen no difference between the two sites in the shapes of the micro-blade cores, very few
of which were "bullet"- or pyramidal-shaped with the platform circumference totally removed.
A significant difference was seen, however, in the features of the platforms of the micro-blade cores;
the platforms of the Karim Shahir cores are predominantly plain (23 out of 25) and are only rarely faceted (2
out of 25), while those of the M'lefaat cores are predominantly faceted like the illustrated cores from
Nemrik 9 [Kozlowski and Szymczak 1990: Figs. 24, 25 and 26].
The analysis results of the micro-blades from Karim Shahir and M'lefaat were compared in Japan with
the results for the micro-blades that had been replicated from finely-grained siliceous shale, a flint-like raw
material in Japan, from the Tsukinuno river in Sagae-city, Yamagata-prefecture (Fig. 8-5—8, 15; Fig. 9-9
-12, 15).
The flaking tools and the flaking manners used in the replication of these siliceous shale micro-blades
were identical to those employed in the previously-described replications of obsidian micro-blades.
Unlike in the replication with obsidian, however, it was not necessary in pressure flaking to rub the
platforms of the siliceous shale cores, for this raw material was far less slippery than obsidian.
It was found through the comparative consideration of the analysis results that both of the non-metrical
and metrical attributes produced reliable keys to identify the three flaking manners within the groups
replicated.
The shapes of butts separated the group replicated by direct percussion from those by indirect
percussion and pressure. And, the presence/absence of a clear impact point separated the group
replicated by indirect percussion from those by direct percussion and pressure.
The three groups of the replicated micro-blades, therefore, were separated from each other in these
two non-metrical attributes.
The ratio L/W separated the group replicated by pressure from those by direct and indirect
percussion. Both of Ratios T/BT and W/BT separated the group replicated by direct percussion from
those by indirect percussion and pressure.
The three replicated groups were thus separated from each other also in the three ratios, though as
mentioned previously the ratios except T/BT were rather unreliable criteria.
The above tri-separation of the replicated micro-blade groups was then applied to the analysis results of
the Karim Shahir and M'lefaat materials.
The shapes of butts, supposedly transcending personal variation or proficiency within each manner of
flaking, placed the Karim Shahir and M'lefaat materials with the groups replicated by indirect percussion and
pressure (Table 4).
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Table i Separation of Replicated Micro-blades of Siliceous Shale and Archaeological Micro-blades
from Karim Shahir and M'lefaat in Terms of Butt Shapes
Shapes of butts
Direct percussion
Micro-blades from M'lefaat
Micro-blades from Karim Shahir
Pressure
Indirect percussion
Triangular- / d iamond-shaped
40.2%
72.7%
74.4%
77.1%
87.0%
Smooth-shaped
59.8%
27.3%
25.6%
22.9%
13.0%
Direct percussion: Micro-blades replicated by direct percussion; Pressure: Micro-blades replicated by pressure;
Indirect percussion: Micro-blades replicated by indirect percussion
The presence /absence of a clear point of impact, on the other hand, placed the Karim Shahir and
M'lefaat materials with the groups replicated by direct percussion and pressure (Table 5).
Table 5 Separation of Replicated Micro-blades of Siliceous Shale and
Archaeological Micro-blades from Karim Shahir and M'lefaat in
Terms of Presence /Absence of Clear Point of Impact
Clear point of impact
Micro-blades from Karim Shahir
Direct percussion
Micro-blades from M'lefaat
Pressure
Indirect percussion
Present
30.0%
31.0%
35.7%
39.0%
52.0%
Absent
70.0%
69.0%
64.3%
61.0%
48.0%
Direct percussion: Micro-blades replicated by direct percussion; Pressure: Micro-
blades replicated by pressure; Indirect percussion: Micro-blades replicated by in
direct percussion
Table 6 Separation of Replicated Micro-blades of Siliceous Shale and
Archaeological Micro-blades from Karim Shahir and M'lefaat in
Terms of Maximum Thickness
Maximum thickness Standard deviation
Micro-blades from M'lefaat 2.3 mm 0.5
Micro-blades from Karim Shahir 2.3 mm 0.6
Direct percussion 2.9 mm 1.0
Indirect percussion 3.1 mm 1.1
Direct percussion: Micro-blades replicated by direct percussion; Pressure: Micro-
blades replicated by pressure; Indirect percussion: Micro-blades replicated by indirect
So, it was concluded from these two non-metrical attributes that the Karim Shahir and M'lefaat
materials had been detached by pressure.
These materials, however, did not approach the group replicated by pressure in terms of Ratio T/BT,
which had been considered as a reliable criterion in the analyses of the obsidian micro-blades replicated.
The likeliest reason for this unconformity is an apparent difference between the Stone Age people of
Karim Shahir and M'lefaat and the present author in the details of the pressure techniques employed; the
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butts of the micro-blades from the two sites are extremely punctiform and thin, and yet the micro-blades
themselves are rather thicker than those replicated by the present author, suggesting that at these sites
core edges for pressure tools to be fixed on were far more isolated than the edges of the replicated cores.
As mentioned previously, the maximum thickness of micro-blades seems to be proportioned to butt
thickness, and is a rather reliable criterion.
The smaller variation of this metrical attribute seen in the group replicated by pressure is very
suggestive that the thickness of micro-blades produced by pressure is more uniform than that of
micro-blades produced by direct and indirect percussion (Table 6).
This suggestion further comes to a conclusion that the Karim Shahir and M'lefaat micro-blades, both of
which are even smaller than the group replicated by pressure in the variation of the maximum thickness,
were detached by pressure technique.
Conclusions
The results of the analyses of the replicated micro-blades and the application of these results to the
micro-blades from the Japanese and Iraqi archaeological sites produced conclusions, which may present
guide-lines from a technological viewpoint in researching several problems unsolved in the Japanese and
Iraqi prehistory.
One of the conclusions is that the micro-blades from the Japanese site at Shirataki-Hattoridai were
detached by pressure technique.
Another conclusion is that the micro-blades from the Iraqi sites at Karim Shahir and M'lefaat were also
detached by pressure.
The first conclusion, if combined with future research of materials from the same spatial and temporal
context, may lead us to clarify when and how this unique flaking technique using pressure first appeared in
Japan or in its surrounding area.
With regard to the second conclusion, the "pre-Neolithic" and pre-pottery Neolithic sites in Iraq, placed
in the broad framework generally denned as the transition between the Mesolithic and the pottery Neolithic
Micro-burin
technique Mesolithic period
Zawi Cheml microiiths
ShankJar ^
Ph. 3 N.p. M.ph.
Qsrrnez Nsmrik 9
Dere
M'lefaat Karim Shahir
Pottery Neolithic
period
Fig. 15 A Hypothetical Chronology of "Pre-Neolithic" and Pre-pottery Neolithic Sites in Iraq Based on
the Presence of Geometric Microiiths and Pressure Technique
Ph.: Phase; 0. ph.: Oldest phase; M. ph.: Middle phase; Y. ph.: Youngest phase; N. p.: Nemrik point
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periods there, dated to between 9,000 and 7,000 B.C., are all located in a rather limited region called
"Zagros flanks" in the northern part of Iraq.
Environmental similarity between these sites, supposed from their location and the inventories of their
lithic industries, makes it less likely that different flaking technologies were independently invented there,
responding to different environmental conditions.
It seems more likely, therefore, that the pressure technique employed among the "pre-Neolithic" and
pre-pottery Neolithic people in North Iraq had been introduced from somewhere outside their region as a
diffusion of technological concept, rather than that it had locally developed as their original technological
innovation.
So, the second conclusion that the micro-blades from Karim Shahir and M'lefaat were detached by
pressure may technologically divide the Iraqi "pre-Neolithic" and pre-pottery Neolithic sites into two
groups: one which is placed in the period prior to the introduction of pressure technique and the other in the
period posterior to it (Fig. 15).
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1) Crabtree published articles on blade/micro-blade detachment using chest or shoulder crutches [1967: pp. 68-69]. The similar
pressure technique, though using a ventral crutch, is practiced by Pelegrin [1984a: p. 120; 1988). However, it seems that
Pelegrin, as Crabtree [1967), uses artificially-made vices [Pelegrin 1984b: pp. 105-116) instead of natural ones such as a
naturally-cracked or -pitted rock.
2) C.A. Bergman uses an artificially-made small wooden vice to prevent core movement on his left palm. This vice has a
V-shaped notch for micro-blades to pass when they are removed with an antler tine grasped and pressed by the right hand.
Similar grooved vices are used by Pelegrin [1988].
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APPENDICES: RESULTS OF ANALYSES
1. Analysis results of obsidian micro-blades replicated by Ohnuma:
1] Miero-biades replicated by direct percussion (100 specimens);
Shapes of butts: triangular- or diamond-shaped (25: 32.1%]: smooth-shaped (53: 67.9%); unidentifiable (22)
Clear point of impact: present (75: 75.0%); absent (25: 25.0%)
Lip: present (100: 100.0%)
Flaking angle (6): maximum 86°; minimum 70°; average 77°; standard deviation 7
Maximum butt thickness (100): maximum 2.9 mm; minimum 0.4 mm; average 1.0 mm; standard deviation 0.4
Maximum length (97): maximum 55.6 mm; minimum 15.2 mm; average 30.7 mm; standard deviation 7.8
Maximum width (100): maximum 14.3 mm; minimum 4.1 mm; average 9.1 mm; standard deviation 2.3
Maximum thickness (100): maximum 4.5 mm; minimum 0.5 mm; average 2.0 mm; standard deviation 0.7
Ratio L/W (97): maximum 7.9; minimum 2.0; average 3.5; standard deviation 1.1
Ratio T/BT (100): maximum 5.6; minimum 0.8; average 2.2; standard deviation 0.7
Ratio W/BT (IU0): maximum 26.0; minimum 3.7; average 10.1; standard deviation 4.1
2) Micro-blades replicated by indirect percussion (100 specimens):
Shapes of butts: triangular- or diamond-shaped 179: 79.8%); smooth-shaped (20: 20.2%); unidentifiable (1)
Clear point of impact: present (91: 91.0%); absent (9: 9.0%)
Lip: present (93: 93.0%); absent (7: 7.0%)
Flaking angle (45): maximum 84°; minimum 55°; average 75°; standard deviation 5
Maximum butt thickness (100): maximum 3.8mm; minimum 0.6 mm; average 1.6 mm; standard deviation 0.7
Maximum length (89): maximum -17.0 mm; minimum 19.2 mm; average 31.4 mm; standard deviation 6.4
Maximum width (100): maximum 18.0 mm; minimum 4.3 mm; average 10.0mm; standard deviation 2.7
Maximum thickness (100): maximum 4.6 mm; minimum 1.0 mm; average 2.6 mm; standard deviation 0.8
Ratio L/W (89): maximum 7.0; minimum 1.8; average 3.3; standard deviation 1.0
Ratio T/BT (100): maximum 3.2; minimum 0.9; average 1.7; standard deviation 0.6
Ratio W/BT (100): maximum 14.4; minimum 2.7; average 6.8; standard deviation 2.5
3) Micro-blades replicated by pressure (100 specimens):
Shapes of butts: triangular- or diamond-shaped (55: 56.1%); smooth-shaped (43: 43.9%); unidentifiable (2)
Clear point of impact: present (90: 90.0%); absent (10: 10.0%)
Lip: present (98: 98.0%); absent (2: 2.0%)
Flaking angle (12): maximum 86"; minimum 74°; average 82°; standard deviation 4
Maximum butt thickness (100): maximum 3.0 mm; minimum 0.6 mm; average 1.4 mm; standard deviation 0.5
Maximum length (86): maximum 63.2 mm; minimum 17.8 mm; average 33.8 mm; standard deviation 11.7
Maximum width (100): maximum 11.5mm; minimum 3.6mm; average 6.9mm; standard deviation 1.6
Maximum thickness (100): maximum 2.8 mm; minimum 0.8 mm; average 1.5 mm; standard deviation 0.5
Ratio L/W (86): maximum 10.5; minimum 2.5; average 5.1; standard deviation 1.6
Ratio T/ET (100): maximum 2.8; minimum 0.5; average 1.2; standard deviation 0.4
Ratio W/BT (100): maximum 10.3; minimum 2.6; average 5.4; standard deviation 1.9
2. Analysis results of obsidian micro-blades replicated by Kubota:
1) Group A (50 specimens):
Shapes of butts; triangular- or diamond-shaped (8: 22.9%); smooth-shaped (27: 77.1%); unidentifiable (15)
Maximum butt thickness (50): maximum 3.3 mm; minimum 0.3 mm; average 1.1 mm; standard deviation 0.6
Maximum length (47): maximum 53.1 mm; minimum 25.5 mm; average 36.7 mm; standard deviation 5.2
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Maximum width (50): maximum 13.5 mm; minimum 4.6 mm; average 9.6 mm; standard deviation 2.2
Maximum thickness (50): maximum 4.2 mm; minimum 0.7 mm; average 2.4 mm; standard deviation 0.8
Ratio L/W (47): maximum 7.4; minimum 2.7; average 4.1; standard deviation 1.0
Ratio T/BT (50): maximum 7.5; minimum 0.7; average 2.7; standard deviation 1.4
Ratio W/BT (50): maximum 26.0; minimum 2.2; average .10.9; standard deviation 4.9
2) Group B (50 specimens);
Shapes of butts: triangular- or diamond-shaped (32: 74.4%); smooth-shaped (11: 25.6%); unidentifiable (7)
Maximum butt thickness (50); maximum 2.7 mm; minimum 0.5 mm; average 1.3 mm; standard deviation 0.6
Maximum length (47): maximum 36.3 mm; minimum 21.6 mm; average 29.5 mm; standard deviation 3.7
Maximum width (50): maximum 10.9mm; minimum 4.8 mm; average 7.8mm; standard deviation 1.5
Maximum thickness (50): maximum 3.3 mm; minimum 0.8 mm: average 2.1 mm; standard deviation 0.5
Ratio L/W (47): maximum 7.4; minimum 2.6; average 3.9; standard deviation 0.9
Ratio T/BT (50): maximum 6.2; minimum 0,8; average 1.9; standard deviation 1.0
Ratio W/BT (50): maximum 15.3; minimum 3.0; average 7.1; standard deviation 2.8
3) Group C (50 specimens]:
Shapes of butts: triangular- or diamond-shaped (25: 59.5%); smooth-shaped 117: 40.5%); unidentifiable (8)
Maximum butt thickness (50): maximum 2.5 mm; minimum 0.7mm; average 1.3 mm; standard deviation 0.4
Maximum length (48): maximum 39.2 mm; minimum 26.0 mm; average 30.7 mm; standard deviation 2.9
Maximum width (50): maximum 11.1mm; minimum 3.7 mm; average 7.6mm; standard deviation 1.5
Maximum thickness (50): maximum 4.0 mm; minimum 0.7 mm; average 1.6 mm; standard deviation 0.6
Ratio L/W (48): maximum 7.0; minimum 2.7; average 4.2; standard deviation 0.9
Ratio T/BT (50): maximum 3.0; minimum 0.5; average 1.4; standard deviation 0.5
Ratio W/BT (50): maximum 12.0; minimum 3.4; average 6.4; standard deviation 1.7
3. Analysis results of micro-blades from Shiraiaki-Hattoridai (50 specimens):
Shapes of butts: triangular- or diamond-shaped (28: 65.1%); smooth-shaped (15: 34.9%); unidentifiable (7)
Maximum butt thickness (50): maximum 2.0 mm; minimum 0.4 mm; average 1.1 mm; standard deviation 0.3
Maximum length (10): maximum 44.3 mm; minimum 21.4 mm; average 31.3 mm; standard deviation 7.1
Maximum width (50): maximum 9.3 mm; minimum 4.2 mm; average 5.9 mm; standard deviation 1.0
Maximum thickness (50): maximum 2.6 mm; minimum 0.8 mm; average 1.4 mm; standard deviation 0.4
Ratio L/W (10): maximum 7.9; minimum 3.0; average 5.3; standard deviation 1.6
Ratio T'BT (50): maximum 2.3; minimum 0.8; average 1.3; standard deviation 0.4
Ratio W/BT (50): maximum 15.3; minimum 3.2; average 5.6; standard deviation 2.0
4. Analysis results of siliceous shale micro-blades replicated by Ohnuma:
1) Micro-blades replicated by direct percussion (100 specimens):
Shapes of butts: triangular- or diamond-shaped (37: 40.2%); smooth-shaped (55: 59.8%); unidentifiable (8)
Clear point of impact: present (31: 31.0%); absent (69; 69.0%)
Maximum butt thickness (100): maximum 3.1 mm; minimum 0.3 mm; average 1.2 mm; standard deviation 0.6
Maximum length (100): maximum 70.7 mm; minimum 13.5 mm; average 38.6 mm; standard deviation 11.6
Maximum width (100): maximum 20.4 mm; minimum 6.3 mm; average 12.6 mm; standard deviation 3.1
Maximum thickness (100); maximum 5.7mm; minimum 1.2 mm; average 2.9 mm; standard deviation 1.0
Ratio L.'W (100): maximum 5.8; minimum 1.5; average 3.1; standard deviation 0.9
Ratio T'BT (100): maximum 7.8; minimum 0.9; average 2.8; standard deviation 1.3
Ratio W/BT (100): maximum 40.0; minimum 4.5; average 12.4; standard deviation 6.0
2) Micro-blades replicated by indirect percussion (100 specimens):
Shapes of butts: triangular- or diamond-shaped (87: 87.0%); smooth-shaped (13: 13.0%)
Clear point of impact: present (52: 52.0%); absent (48: 48.0%)
Maximum butt thickness (100): maximum 4.9 mm; minimum 0.3 mm; average 2.1mm; standard deviation 0.8
Maximum length (100): maximum 59.8 mm; minimum 15.6 mm; average 36.6 mm; standard deviation 8.4
Maximum width (100): maximum 18.4 mm; minimum 5.3 mm; average 11.5 mm; standard deviation 2.9
Maximum thickness (100): maximum 7.3 mm; minimum 1.0mm; average 3.1mm; standard deviation 1.1
Ratio L/W (100): maximum 6.2; minimum 1.9; average 3.4; standard deviation 1.1
Ratio T/BT (100): maximum 3.6; minimum 0.7; average 1.6; standard deviation 0.6
Ratio W/BT (100): maximum 22.3; minimum 1.9; average 6.2; standard deviation 2.5

